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Separator for Ionic Secondary Battery 



... (omitted) ... 

3 . Method of Fabricating a Separator for Lithium Ion Battery 
Micro pores can be formed by a variety of methods. For a separator for a 
lithium ion battery, a phase separation method (a wet method) and a method that 
employs drawing to provide pores (a dry method) as shown in Fig. 1 are practically 
employed. 

©Phase Separation Method 

A macromolecular solution's thermally induced micro phase separation is utilized. 
A uniform solution formed of a macromolecule and a solvent and having a high 
temperature is cooled, and subjected to phase separation and crystallized to form a 
porous structure. There are a liquid-liquid phase separation type, which provides phase 
separation to provide a 2-phase solution and then crystallizes as it is cooled, and a 
solid-liquid phase separation type, which does not provide a 2-phase solution and 
directly crystallizes as it is cooled. 
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Fig. 1 Method of Fabricating Separator for LIB and Microstructure 
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Industrially, a polymer and a solvent are mixed together at high temperature to 
provide a melt which is in turn formed into a film. The film then has the solvent 
extracted and thus removed by another, volatile solvent. Subsequently the film is 
drawn or undergoes another process as required. 

The source polymer is typically a high density polyethylene. In some cases, 
however, ultra high molecular polyethylene, low density polyethylene, polypropylene or 
similar polyolefin may be blended or inorganic fine powder, a crystal nucleus agent or a 
similar third component may be added to provide improved characteristics. For 
example, mixing silica or similar inorganic fine powder can provide a film which has 
pores large in diameter and is hence high in porosity. 

While phase separation typically provides a pore in the form of a three 
dimensional fibril, the pore's diameter and porosity can be controlled over a wide range 
by which phase separation type is selected, how the drawing method is used, and the like 
so that a variety of porous structures can be designed. 

Method That Employs Drawing to Provide Pores 

A polymer having a lamella structure oriented to a high extent is drawn to 
exfoliate an inter-crystal interface to form a porous structure. Industrially, a melted 
polymer is extruded from a die and taken at a high draft ratio to form a sheet which is in 
turn thermally treated to increase the crystalline structure in regularity and then drawn at 
low temperature and furthermore, at high temperature to exfoliate a crystal interface. 

A porous structure varies with polymer's crystallinity, orientation and the like. 
As mono-axial drawing is employed, it has an oblong pore extending in the direction in 
which it is drawn, and also has anisotropy in physical property. Furthermore, for 
forming a large number of pores, the crystal structure before it is drawn and the 
condition(s) for the drawing are important, limiting the flexibility of the porous structure 
and its pores' diameter and the like. Originally, for a separator for a primary lithium 
battery, a micro porous polypropylene film has been developed. For a secondary 
battery, however, it cuts an electric current at high temperature and is thus insufficient in 



terms of safety. Accordingly, an improved film is developed that has a 3 -layer 
structure including two layers of micro porous polypropylene film and a micro porous 
polyethylene film posed therebetween. 

... (omitted) ... 
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